Abstract. Serious games offer the potential to not only entertain and educate, but can also operate as a diagnostic tool. While designing a game with the goal of a diagnostic tool, we faced many challenges. In this paper, we share our experiences in dealing with these challenges in the iterations of designing, implementing, and evaluating such a tool.
Introduction
Computer games offer players rich actions, immediate rewards, challenge, and appealing stories, which seem to be things we hardly get from the everyday life [1] . Next to entertainment however, games can also afford a wide variety of other applications (so-called serious games), such as learning, physical exercise, advertisement and attitude change [2] . In this paper, we describe the development of another type of serious game, namely a game that functions as a diagnostic tool. A problem with clinical assessments is that the patient is often aware of being assessed, leading to nonspecific effects such as subject-expectancy or Hawthorne effects [3] . Conversely, games offer immersion to such an extent that players forget their surroundings [4] , as well as the possibility for stealth assessment [5] . Using a game could therefore improve the ecological validity of a diagnosis.
Creating a game needs more than having an individual passion. It requires collaboration of people from different disciplines working as a team, which is a common practice that most of the game companies adhere to nowadays [6] . Therefore, in addition to individual passion, effective team communication and synchronization are
Design Phase
We aimed to create a game for children aged between 4-8 years old. There is no game that fits all age groups [11] . Doing research by gathering data from existing games in the market can give us a hint of which kind of game children may like. To get deeper and a more direct insight, we applied the participatory design model (PD) and a user-centred design approach (UCD) during the design phase [12, 13] . Children had been invited to our design process. Similar to 'Child's Own Studio', 'Draw Your Toy', and 'Make with Grace', custom made soft toys were used based on the children's own drawings [14] [15] [16] . We encouraged the children to express their thoughts by drawing what they thought a character would look like with provided outlines of visual elements in the game (see Fig. 2 ). This method provided us with a source of ideas for designing characters for the game, increasing the likelihood that the characters we designed would be accepted by children.
The game consists of multiple mini-games, designed to retain interest of the child for a single play session of roughly 30 min. The use of more than one mini-game additionally gives us the possibility to apply more than one diagnostic instrument; that is, one for each mini-game. Books were used to give us ideas when designing mini-games [17, 18] . However, having more than one mini-game did present us with a problem: if the player is able to choose the order of the mini-games, this could result in an incoherent storyline, which could in turn lower engagement and attenuate the internal validity benefits of using a game in the first place. To solve this problem, instead of first thinking about the whole concrete story of the game all at once, we used the theme of the game more as a loose framework. Then we designed each mini-game to serve a diagnostic purpose and tailored it into a single story line. This process needs sub-iterations to fine tune each mini-game to work with the other mini-games. To create a good story, the book by C.H Miller, 'Digital storytelling: a creator's guide to interactive entertainment' is found to be useful [19] . After the mini-games were designed, we needed to transfer the abstract ideas of mini-games to the team members. Visual communication was found to be more efficient than verbal communication [20] . We chose to present the game with a simple flow chart (see Fig. 3 ). This was not only better in explaining the flow of game to the team members, but also gave us an advantage when we were going to implement the abstract game with a game engine. 
Implementation Phase
The implementation phase focused on the implementation techniques of the game. We selected Unity 1 for our game engine.. The game is written in C# in MonoDeveloper; Unity's native integrated development environment (IDE). In fact, one can use three different languages: C#, JavaScript, or Boo. We choose C# because of its strict syntax. One may think that this makes coding harder, but we think that this help us with more robustness.
Concerning the reusability, each mini-game is broken down into a number of modules according to their functionality (see Fig. 4 ). The core module is the 'Gameplay Manager' that controls the flow of game play in each mini-game. Since each mini-game is unique it has its own 'Intro Manager' and 'Ending Manager', with which we can program an introduction and an ending respectively. There are common shared modules; 'Database Manager' to connect with a SQLite database file, 'Interaction Manager' to record user interaction, 'File Manager' to handle read/write log files, and 'Scene Transition Manager' to control the game's camera movement. The order of execution is shown in Fig. 4 .
'Database
Manager' has the responsibility to make a connection to a SQLite database file. It retrieves a dataset and puts this into an ArrayList in order to prepare the game variables before they can be accessed by the 'Gameplay Manager'. The 'Intro Manager' is called to play an introduction, and since each mini-game is unique, it demonstrates how to play a mini-game before the children start playing the game. 3 . Meanwhile an 'Interaction Manager' is prepared to gather all the clicking data and to send these to a 'File Manager' in the form of a chunk of strings, before being periodically written to a log file. 4 . The 'Gameplay Manager' is executed after the introduction. The children play the game without knowing that they are being observed and their clicking data are being logged. 5 . After the game is finished, the 'Ending manager' is called. A map of the overall game is shown so children know how many mini-games are left. This module plays the ending cinematics to ensure that children know that the current mini-game is over and that they should get ready for the next mini-game. 6 . A 'Scene Transition Manager' is called at last, to bring children to the next mini-game in a first person perspective and two and a half dimensional game environment.
There were many 3D computer models in the game. All of them were made using Blender 2 , a polygonal mesh object modeling program. Unity and Blender can seamlessly work together. We can create a model in Blender and save it as a blend file and place it directly into the Unity game folder. Unity is smart enough to detect the file and import it into the game as an asset which we can select and use in the game. If any modification is needed, we just select the imported model and open it again in Blender, make the modification, then overwrite the old file. Unity will automatically re-import the model,. The process is very convenient and productive. Many tutorials about Blender on YouTube are available, but attention needs to be paid to the correct version, because Blender is open source, a different version has a slightly different user interface and this may cause some confusion.
The other requirement was that the game should be able to have its parameters modified without the need of a technical expertise. If we hard code parameters inside the game, we must re-compile the game every time when a modification is made. Therefore, our game is designed to read a property file when the game is launched. The property file is merely a text file with tab separated values. The game will configure the values with shared global variables, like a lookup table, where each mini-game can have access to. This process is done quickly while the game is launched with the title screen. Hard coding of default values is still needed in order to secure that the game can run even without the property file.
Evaluation Phase
In the evaluation phase, an approval from medical ethical committees is needed before conducting tests. It normally takes several months to get the approval. To get the feedback earlier, we asked children from our colleagues to volunteer instead. The parents of the children were well informed about the game and gave us consent for the user test, as well as consent to video record the test. The recorded video was for the research purpose of the game development team only and won't be publicly published. Every volunteer was given a small incentive.
The characteristics of a participant were noted down with an anonymous user persona. For example, "Busko is in her first grade. She likes going to school, she has some nice friends and she likes that she finally learns to read. Mathematics, however, is more difficult for her, but with hard work she manages. Her favorite activity at school is drawing or gymnastics.
She lives at home with her mom and dad, and a 4 year old younger sister. In her free time she plays with her sister. Although she likes to play with her sister, they sometimes argue. It is no problem for her to keep herself busy. She has a lot of interests and can play for hours. She likes playing with Barbies, and taking stories with Barbies. Furthermore, Busko is a member of the local judo club. The parents are proud of the fact that she is self-reliant. She can make her own sandwich in the morning. They don't have any big concerns about Busko."
The test environment was set in a room with two desks, and a few chairs. The game was installed on a computer with a 23 inch LCD touch screen, being placed at 15 cm from the edge of the desk in front of the child. We put the keyboard away from the reach of the child. We covered any wall decorating pictures and book shelves with a white canvas to prevent them from being distracted while playing the game. The window blinds were put down, to prevent light from outside. There were only a psychologist and the child in the room. The parent(s) were not allowed inside, but waiting outside the room. The test started with a brief introduction by the psychologist. The child was informed that he/she is going to play a game, and was asked a few questions. The psychologist asked the child whether he/she wanted to go to a toilet before the game started. If everything was set, then the test begun. The test took around 30 min.
The psychologist observed the child's behavior and took notes. It was deemed important to make sure that the child felt comfortable and did not feel lonely or anxious. However, the psychologist wasn't allowed in any way to help the child complete the game. If the child got stuck on something, the psychologist noted down a remark, because this could be valuable feedback for improvement in the next iteration. The behaviors of the child mco were video recorded, and the game itself logged the user interaction.
Micro Iterations
There were iterations at a level under the whole development cycle within each phase, adapted from 'an iterative-cyclic software process model' [21] , so called 'micro iterations'. The purpose of a micro iteration is not solely a small iterative version of the containing phase, but focusing more on a collaborative process of synchronizing and scheduling. It is to optimize on time and human resources, make a concept clear, enable dynamic changes, and catch unwanted defects before they are passed on to the higher development phase.
In the design phase, children were not the only users of the game, the participatory design model was also applied to psychologists who would use our game as a diagnostic tool. The participation included gathering requirements, implementing them, communicating and presenting them to the team members, getting their feedback and reconciling in open discussions. We modified the design according to the team feedback and comments. The aforementioned tasks were iterated until all team members agreed, before starting on the next phase.
In the implementation phase the programmer was encouraged to present a playable mini-game to the team, using rapid prototyping. The team was aware that the prototypes were not the final versions, so the micro iterations were not to find programming defects, but rather to present a proof of concept, and to discuss a solution in case that any limitation arose. The programmer could introduce additional elements that were not stated in the design, if they contributed to the design.
In the evaluation phase, we followed a user's perspective. The game must meet user requirements, and many times we found that we needed to make new improvements. For example, we added more game visual elements, smoothed the scene change, and improved the textures of game objects. Of course, this would bring us back to the design phase and implementation phase. But considering the completeness and usefulness of the game this also necessary. Every micro iteration was well documented for later reference in case of inconsistency and misunderstanding.
Conclusion and Future Work
In this paper, we present our experience in designing a diagnostic game. User requirements are presented to show what the final goal is, as well as the iteration phases. The iterative process can prevent problems from slipping though during the development. It helps incremental development of the game and allows changes during the development.
Design needs lots of creativity and time. And still this does not preclude the terrifying moment for a designer that at the end of the day the work can be rejected by the end user. In order to increase the level of acceptance from the user perspective, we followed the design process of participatory design and user-centred design. We have seen that the children who we invited to participate in our design really loved to express their thoughts.
We implemented the game in the Unity game engine, and modeled the 3D models in Blender. One can program in C#, JavaScript, or Boo. C# was our preferred programming language because of its stick syntax. When the game becomes huge, only one module to do all the tasks is not enough. We applied a divide-and-conquer strategy of dividing it into sub modules, depending on its functionality, and grouping modules that had similar functionalities later. This enabled the usability of those modules, and it was easier to add more functionality. Unity supports running modules in parallel as long as it has been enabled and it is attached to a GameObject. We control the order of execution, disabling others modules and enabling them when needed.
The ideas acquired from each phase must be shared by every team member with different expertise and backgrounds. Micro iterations may help in sharing thoughts and synchronizing the actions. We found that visual communication worked better than verbal communication.
At the time of writing, we are currently conducting a full scale experiment. From the evaluation feedback so far we consider that the process we followed worked well for its purpose.
Preface
The third edition of the GALA Conference was held on July 2-4, 2014 in Bucharest, Romania. The conference was organized by the Serious Games Society and the Games and Learning Alliance, the European Network of Excellence on Serious Games (SGs).
The conference provided the opportunity for gathering and nurturing a community of experts on SGs, a community which is growing year by year and involves academics, industrial developers, teachers, and corporate decision makers, to promote knowledge sharing, technology transfer, and business development. This year, we also welcomed the participation of indie developers, which we believe represented a great opportunity and potential for improving and extending the technologies and applications of SGs.
As in previous years, the research presented covered a variety of aspects and knowledge fields. These have been grouped into four sessions: pedagogy, technology, design, and applications. The pedagogy session hosted studies about deployment of SGs at different school levels and on different topics. This constituted a significant advancement with respect to previous years, as it demonstrated that SGs have started to be used and deployed in authentic educational settings. One paper specifically investigates the role of the teacher in this new context.
The design and implementation session covered various aspects ranging from mobile games to multiplayer games, from formats to gamification of co-design processes and models for scaffolding game-based learning experiences.
The technology session included some very interesting papers about applying the Service Oriented Architecture paradigm to the field of SGs and multimodal emotion recognition in SGs.
Finally, the new games session presented some very interesting educational games, for instance in the field of physics, for training working memory, and for using social networks. Attention was paid in particular to special users, such as children with depression. Some papers presented interesting information on SG mechanics, which are at the core of SG design. Among them, we cite particularly virtual tutors and minigames.
This book collects the studies presented during the conference, addressing the above mentioned topics, with authors from a variety of countries and bringing knowledge from several different fields. Not only does this highlight the growing interest in SG applications in various domains, but also the multidisciplinary collaboration that is typically involved in SG design and deployment.
It is important to highlight that the papers presented at the Gala 2014 conference closely reflect this year's trend in research on serious games. In particular, we underline topics such as SG design research, rapid development frameworks, learning analytics, analysis of deployment in educational settings, brain-computer interaction, and applications in the health domain. Collaboration is targeted as well, and games are also cited as an appropriate tool within learning networks, the emerging paradigm through which more-experienced people help less-experienced people learn new skills and form new networks and communities. Mobile games and supporting technologies are also focused upon.
Like for the 2013 edition, the selected best papers of GALA 2014 will be published in a dedicated special issue of the International Journal of Serious Games, which represents a great opportunity for the scientific/technological community and for the industrial world as well to publish original research works on SGs and to be informed about the latest developments in the field. This year, the GALA 2012 best papers were published in an Entertainment Computing special issue.
